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Abstract.  InAs/Si(100)  heteroepitaxial  growth  is  studied  with  reflection  high-energy  electron 
diffraction  and  scanning  electron  microscopy  methods.  It  is  shown  that  under  certain  growth 
conditions  the  formation  of  InAs  nanoscale  islands  on  Si(  1 00 ) surface  occurs  via  Volmer  Webber 
growth  mechanism. 


Recently  we  proposed  to  use  coherent  narrow  gap  InAs  quantum  dots  in  a silicon  matrix  for 
development  of  Si-based  light-emitting  devices.  By  now  the  possibility  to  form  coherent 
nanoscale  InAs  islands  on  Si(  1 00)  surface  directly  during  molecular  beam  epitaxial  (MBE) 
growth  is  demonstrated.  Photoluminescence  (PL)  signal  was  observed  for  InAs  quantum 
dot  array  embedded  in  a silicon  matrix  up  to  room  temperature.  It  is  shown  that  the  PL 
band  originating  from  InAs  quantum  dots  is  in  the  1 .3-1 .6  micron  range  depending  on  the 
observation  temperature  [ ].  This  wavelength  range  is  important  for  various  applications, 
e.g.  fiber  optics,  medicine,  biology  etc. 

However,  the  development  of  light  emitting  devices  based  on  the  nanoscale  islands  in 
the  active  region  requires  further  basic  and  technological  research.  In  As/Si  band  alignment, 
the  role  of  strain,  size  and  shape  of  nanoscale  island  in  designing  the  necessary  bandgap 
profile  is  still  unclear.  In  addition,  the  effect  of  growth  regimes  on  size  and  shape  of  InAs 
islands  is  not  yet  studied  in  detail. 

In  this  paper  we  report  an  effect  of  the  growth  conditions  on  realization  of  the  epitaxial 
growth  mode  (Stranski-Krastanow  or  Volmer-Webber)  during  heteroepitaxy  of  InAs  on 
Si(lOO). 

The  growth  experiments  are  carried  out  using  EP1203  MBE  machine  (Russia)  or  Riber 
32  Supra  (France)  on  exactly  oriented  Si(  100)  substrates.  The  Si(100)  surface  preparation 
is  made  in  a way  similar  to  that  described  in  [ ].  Thermal  desorption  of  silicon  native  oxide 
layer  is  performed  at  substrate  temperature  of  800—820  °C  during  15  min.  After  that, 
well  resolved  (2  x 1 ) or  mixed  ( 1 x 2)  and  (2x1)  surface  reconstructions  typical  for  cleaved 
Si(  lOO)  surface  has  been  observed.  Then  the  substrate  temperature  is  gradually  decreased 
to  the  desired  value  and  the  InAs  deposition  is  initiated  in  a conventional  MBE  mode. 
The  InAs  deposition  rate  is  0.1  monolayer  (ML)  per  second.  A calibration  of  the  growth 
rate,  1II-V  flux  ratio,  and  monitoring  of  the  surface  morphology  during  growth  has  been 
performed  using  reflection  high  energy  electron  diffraction  (RHEED)  system  composed  of 
a high  sensitivity  video  camera,  a video  tape  recorder  and  a computer,  all  interconnected 
via  a specially  designed  interface  | ].  Pieces  for  scanning  electron  microscopy  (SEM) 
studies  are  taken  from  the  same  wafers,  but  InAs  nanostructures  were  previously  capped 
with  30  nm  silicon. 

We  have  recently  shown  that  the  critical  thickness  T,  for  the  formation  of  InAs  3D 
islands  on  the  Sit  1 00)  surface  significantly  depends  on  the  growth  conditions  (e.g.,  substrate 
temperature  and  fluxes  ratio).  We  have  found  that  Tc  is  in  the  range  of  0.7-5 .0  monolayers 
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(a)  (b) 

Fig.  1.  RHEED  patterns  before  (a)  and  after  (b)  deposition  of  InAs  (2  monolayers)  at  10  keV. 
Images  are  taken  in  [0 1 1 ] direction. 


of  InAs  for  the  substrate  temperature  range  350—450  °C  a fluxes  ratio  — 2 — 10  | ].  We 
could  expect  the  realization  of  Volmer- Webber  growth  mechanism  for  a case  of  the  critical 
thickness  less  then  1 ML.  This  growth  mechanism  was  observed  previously  for  different 
heteroepitaxial  systems,  e.g.  GaAs/Si. 

In  Fig.  l(a,b)  RHEED  patterns  for  Si(lOO)  surface  just  before  the  deposition  of  InAs 
(a)  and  after  deposition  of  2 ML  of  InAs  at  Ts  = 380°  C and  fluxes  ratio  = 10.  For  these 
particular  growth  conditions  we  observe  a change  of  2D  to  3D  growth  mode  at  average 
InAs  thickness  ~ 0.7  ML. 

For  the  pattern  in  Fig.  I (a)  only  streaky-like  features  responsible  for  a atomic-smooth  Si 
surface  are  observed.  In  contrast,  in  Fig.  1(b)  there  is  coexistence  of  the  peculiarities  from 
both  silicon  surface  (elongated  streaks)  and  nanoscale  InAs  islands  (spots)  which  began  to 
appear  just  after  the  critical  thickness  is  exceeded.  There  is  also  evident  the  difference  in 
lattice  constants  for  substrate  and  deposited  material. 

We  speculate  that  for  the  latter  case  the  situation  is  the  following.  After  initiation  of 
InAs  deposition,  on  the  bare  Si  substrate  the  nuclei  of  InAs  start  to  appear  very  rapidly. 
At  the  continuation  of  the  growth,  the  island  density  remains  the  same  with  the  increasing 
of  their  volume  only.  At  the  same  time  the  part  of  Si  surface  is  free  from  InAs  deposit. 
This  is  typical  for  Volmer- Webber  growth  mechanism.  Another  situation  was  observed  for 
Stranski-Krastanow  growth  mechanism,  typical  for,  e.g.  InAs/GaAs  system  or  the  same 
InAs/Si,  but  other  growth  conditions  [ ] . Here  the  formation  of  nanoscale  islands  occurs  on 
the  top  of  wetting  layer,  when  first  ~ 1.5  ML  of  deposited  material  grew  via  layer-by-layer 
growth  mode.  In  Fig.  2 SEM  image  of  the  sample  with  the  islands  growing  via  Volmer- 
Webber  growth  mechanism  realization  is  presented.  The  coexistence  of  relatively  small 
(~  20  nm)  and  high  (~  50  nm)  islands  pyramidal  in  shape  and  smooth  silicon  InAs-free 
space  in  between  them  is  seen  (real  size  of  the  islands  is  smaller  due  to  presence  of  thin 
Si  cap  layer).  The  orientation  of  sides  of  the  islands  is  [Oil]  and  [Oil],  opposite  to  the 
situation  with  the  islands  formed  via  Stranski-Krastanow  mode  [ ],  where  dense  array  of 
the  islands  was  observed  with  the  preferential  orientation  along  [Oil]  and  [001]  directions. 
In  conclusion,  we  have  demonstrated  the  possibility  of  the  formation  of  InAs  nanoscale 
islands  on  Si(lOO)  surface  via  Volmer- Webber  growth  mechanism  that  sheds  more  light  in 
a heteroepitaxial  growth  processes  in  this  system.  This  is  also  important  for  the  tuning  of 
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Fig.  2.  SEM  image  of  the  surface  after  deposition  of  2 ML  In  As  in  a Volmer- Webber  growth  mode. 
Sides  of  the  image  are  parallel  to  [01 1 ] and  [Ol  I ] directions. 

the  lateral  size  in  order  to  achieve  appropriate  geometry  of  the  nanoscale  islands. 
Acknowledgements 

Authors  wish  to  thank  V.  A.  Egorov  for  the  help  in  preparing  the  manuscript.  This  work  was 
partially  supported  by  INTAS  Grant  No  94-0242,  Russian  Foundation  for  Basic  Research, 
National  Program  “Physics  on  solid-state  nanostructures’"  and  National  Program  “Advanced 
devices  for  micro-  and  nanoelectronics”  in  a frame  of  the  project  No  02.04.5.1 .40. E.46. 

References 

[1]  G.  E.  Cirlin,  V.  G.  Dubrovskii,  V.  N.  Petrov,  N.  K.  Polyakov,  N.  P.  Korneeva,  V.  N.  Demidov, 
A.  O.  Golubok,  S.  A.  Masalov,  D.  V.  Kurochkin,  O.  M.  Gorbenko,  N.  I.  Komyak,  V.  M.  Ustinov, 

A.  Yu.  Egorov,  A.  R.  Kovsh,  M.  V.  Maximov,  A.  F.  Tsatsul’nikov,  B.  V.  Volovik,  A.  E.  Zhukov, 
P.  S.  Kop’ev,  Zh.  I.  Alferov,  N.  N.  Ledentsov,  M.  Grundmann  and  D.  Bimberg,  Semicond.  Sci. 
Technol.  13,  1262  (1998). 

[2]  A.  Ishisaka  and  Y.  Shiraki,  J.  Electrochem.  Soc.  133  666  (1986). 

[3]  G.  M.  Gur’yanov,  V.  N.  Demidov,  N.  P.  Korneeva,  V.  N.  Petrov,  Yu.  B.  Samsonenko  and 
G.  E.  Tsyrlin,  Tech.  Phvs.,  42  956  (1997). 

[4]  A.  F.  Tsatsul’nikov,  A.  Yu.  Egorov,  P.  S.  Kop’ev,  A.  R.  Kovsh.  M.  V.  Maximov,  V.  M.  Ustinov, 

B.  V.  Volovik,  A.  E.  Zhukov,  Zh.  I.  Alferov,  G.  E.  Cirlin,  A.  O.  Golubok,  S.  A.  Masalov, 
V.  N.  Petrov,  N.  N.  Ledentsov,  R.  Heitz,  M.  Grundmann,  D.  Bimberg,  I.  P.  Soshnikov,  P.  Werner 
and  U.  Gosele,  Proc.  24th  Int.  Conf.  Phys.  Semiconductors , Jerusalem,  1998,  World  Scientific, 
Singapoure,  1999,  (in  press). 

[5]  G.  E.  Cirlin,  V.  N.  Petrov,  V.  G.  Dubrovskii,  S.  A.  Masalov,  A.  O.  Golubok,  N.  I.  Komyak, 
N.  N.  Ledentsov,  Zh.  I.  Alferov  and  D.  Bimberg,  Tech.  Phys.  Lett.  24,  290  (1998). 


